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TIhB-HISMHY DATA OF MAwEurJERS PERFORMED BY A WDONXELL 

F2H-2 AlRpLANE DURING SQUADRON OPERATIONAL TRAINDZ 

By Carl .R. HUBS, William E. Andrews, and Earold A.  H a m e r  

SUMMARY 

Prel iminmy  resul ts  of one phase. of a control-motion  study  proGam 
are presented i n  time-history  form and are summarized as p lo t s  of load 
fac tors  and anmar accelerations  against  indicated airspeed. The results 
were obtained from 276 maneuvers performed  by a McDonnell F2H-2 jet 
fighter airplane  during n o m  squadron operation&  training. Most of 
t he   t ac t i ca l  m&uv&rs tha t   t he  F2H-2 airplane is capable of performing 
are included fn the  data. The maneuvers were performed a t  pressure alti-, 
tudes of 0 t o  40,oOO f e e t  and at indicated  airspeeds of '75 to 500 bots .  -. _ .  

-. 

. .  

INTRODUCTION 

The present methods of determining tail-surface  design loads require, 
among other  things, a knowledge of the control-mxrface  motion. In the 
usual methods, control-surface  motions  or  load-factor  variations  wfth . - 7  

time are specified so as  to.  obtain maximum desi& loads; however, the 
actual  control nmtions and load-factor  variations  obtained in regular 
operational f lykg niay differ appreciably from the specified vmiat ions.  

.- 

+ 

- 
i 

. .  

h order to obtain  information on the actual control motions used - . 

i n , f l i g h t  the National Advisory  Comhittee for  Aeronautics i n  cooperation - 
with  the.Bureau of Aeronautics, Depaxtment of  the Navy, and the  U. S. Air 
Force i s  conducting a control-mo$ion study program. This program is  
directed toward .o.btaining sample measurements on several  fighter-type - 
airplanes of rates, amounts,. a d  combinations of contrql motions  used by 
service p i l o t s  Fn carrying  out regular operational  train-lng  missions. - -  

From the  results  obtafned from this progr'am it may be possible  to  specify 
a more pract ical   design  cr i ter ion  for   ta i l -surface loads based on the 
actual  cri t ical  control-surface  motions. In addition,  information may 
be obtained which could be useful i n  the design of airplane  control  boost 
systems.  Reference 1 was the first report  of data  obtained from t h i s  
program. 
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This paper includes data i n  time-history form o f  maneuvers obtained 
by an F a - 2  airplan& w h i l e  performing  regul.ariy  scheduled  operational. 
training missions. In order   to  make the.&ta Fncluded. i q  the time his- 
t o r i e s  immediately available,  only a minqr analyBis of the data i s  
included i n  this paper. ' 

TEST ~AIRE'UWE 

A standard U n i t e d  States  Marine Corps McDonnell F2H-2 alrplane, 
BuAer s e r i a l  number 123256, w a s  used f o r  these tests. The F2H-2 airplane 
i s  a single-place,'  straight-wing, two-engfne carr ier-  or..land-based, Jet-  
propelled fighter. . It is powered by two. Westingbouse J-34-WE-34 turbojet  
axial-flow  engines mounted, one oll ei ther side of the f'uselage, i n  .the . 
w i n g  center  section. It has speed brakes located i n  the . & p e r  and lower 
wing surfaces. inboard of the afleron and j u s t  ahead of the partial-span 
flaps. These speed brakes consist  of perforated I.ectan@;ul&r plates which 
are extended ver t ica l ly  from the wing surfaces and &e e i the r  In the 
"out'' o r  "in" position. A hydraulic.  boost system was  'incorporated i n  the 
aileron  control'systein. 

. .  - 

The e x t e r n  appearance of the.. test  airplane was A t e r e d  by the 
.NACA instrumentation except . for  the ins t a l l a t ion  of a boom mounted in 
the nose of the airplane,  used .for measurfng the s idesl ip  angle, and a 
small electrical   control-posit ion  transmitter mounted externdly on the 
right-wing  lower surface. A three-view drawing of the F2H-2 airplane is 
presented Fn figure I and i t s  pertinent physical character is t ics   are  
given in table I. 
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INSTRUMENTS 

Standard NACA photographically  recording  instruments were used t o  
measure (1) the quant i t ies   def idng  the flight conditions; that is, air- 
speed, a l t i tude,  and speed-brake position, (2) the control-surface motions; 
and (3)  the response of the  airplane in  terms  of apgular veloci t ies ,  load 
factors ,  awl sidesl ip  angle. The recorders were synchronized at 1-second 
intervals  by means of a common timing c i rcu i t .  

.. .. . 

In order t o  reli&e the p i l o t  of '  any recording-instrument ..switch- 
procedure and thus assist i n  obtaining normal operations, -a pre6sme 
switch was used to  automatically turn on the r e c o r d a  instrunents at an 
indicated airspeed of approximately 80 knots. AL1 recorder6 were mounted ii 
i n  the nose section with the exception of.$* mar- -ve lQc i t ) r   r eco rde r s  
which were located i n  -Lhridt radio comp&tment. - I 
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A standard two-cell  pressure  recorder  connected t o  the, airplane 
service system w a s  used t o  measure the a l t i t u d e  and ah-speed. The 
service system employs a total-pressure  tube  located on the leading edge 
of t he   ve r t i ca l  t a i l  and f lush   s ta t ic -pressure   o r i f ices  on b t h  sides of 
the fuselage below the  windshield. (See f ig .  l.} 

. I  

A microswltch w a s  used. on the right s-peed brake t o  indicate  the ''in'' . 

o r  "out" posi t ion of this. surface. The control-surface ' m e s  were meas- 
ured by a control-position  recorder having rerngte recording  e lectr ical  . . . .  

transmitters &stalled a t  the  control  surface. The elevator and rudder . . .  :. 
transmitters were installed inside the t a i l  fairing to   t ake  mehsurenrents 
i n  the   v ic in i ty  of the inner hinge.  Aileron  deflections were obtained 
with a transmitter  . located externally a t  approximately the a i le ron  midspan. 

Angular veloc i t ies  were recorded  about three mutually  perpendicular . 

axes in which the X - a x i s  is paral le l   to   the  - fuselage  reference line. (See 
f i g .  1.) Load fac tors  along these three axes were recorded by an air-damped . . 

three-component accelerometer  located a the fuselage 76.5 inches  forward, 
14 inches to the right, and 10 inches above the average flight center- 
of-gravity  location-(26.5  percent of the wlng mean aerodynamic chord). 

. -  

. .  

The sideslip  angle w a s  measured by a flow directional  recorder  using 
a vane mounted on a boom 6 feet mid of the  fuselage  nose. The boom w a s  . 
mounted i n  the lef t  cannon port nearest the airplane center   l ine.  (See 
f ig .  1.) 

The estimated accuracies  based on the  instrument  accuracy and a 
reading  accuracy of 0.01 inch are as follows: 

Indicated  airspeed, Vj, h a t s  . . . . . . . . . . . . . . . . . . .  *3 . .  

Pressure   d t i tude ,  Hp, f t  . . . . . . . . . . . . . . . . . . . .  +5Q 
Control  position, heg . . . . . . . . . . . . . . . . . . . . . .  a . 5  
Normal load f ac to r  . . . . . . . . . . . . . . . . . . . . . . .  a.03 
Longitudinal and transverse  load  factor . . . . . . . . . . . . .  @.02 . . .  
R o l l i n g  angular velocity, radians per second kO.10 
Pitching and yawing angular velocity, radians per second . . . .  W.02 . 

Sidesl ip  angle, deg . . . . . . . . . . . . . . . . . . . . . .  W . 3  

All the  recording instrunenix were damped t o  about 0.65 of c r i t i c a l  

. - -  

. .  . . . . . . . . . .  
- .  

damping a t  sea level. The natural frequency  of  the elements i n  the three - 
component accelerometer w a s  selected t o  give the best compromise value . .  

which would minfmize the magdtudes of extraneous  vibratory  accelerations 
and s t i l l  give  correct  response t o   t h e  maneuver accelerations. 

. " 

" 

- 

. "  

In order  to  expedite the presentation 09 t ime-history  results all the  
instruments were adjusted to specified s e n s i t i v i t i e s  and the  film drums 
were selected so that they ran at the stme constant speed. Thus i n  mazly - " 
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cases it was possible t o  trace the ?cord lines di rec t ly  on special grid 
paper with the exception of the airspeed  and-alt i tude w h i c h  had t o  be 
plotted.  Those records on which either the film speed had deviated f r o m  
the  selected standard or in which it was desired t o  change the sensi- 
t i v i t y   f o r  better pre-sentation of the data were processed on a newly .. 

developed enlarger. The enlarger  effectively enabled the time s c d e  o r  
longitudinal dimension of the film and the sca le   o r   ver t ica l  dimension 
of the film to  be either increased o r  decreased  independently of each 
other-so that the film record  could be adjusted  to  f i t  accurately the 
scale of the g r i d  paper. It is believed that t h i s  metho4 has permitted 
a detailed,  accurate, and rapid  reproduction of the film records l a  the- 
his tory form. 

,. 

TESTS 

The tests consisted  of lr8 norm& squadron  operational  training 
missions  carried  out during the months of February t o  April 1951. Included 
in   these 18 flights were acrobatic, gunnery, bombing, and p i l o t  fmailiar- 
ization  missions. The maneuvers obtained from these missfon~ were per- If 

formed at a l t i tudes  from 0 t o  40,000 f e e t  and at airspeeds,from 75 to  
500 knots and included  such maneuvers as turns, dives and pull-outs, pull-  
ups, slow ro l l s ,   bar re l  rolls, loops, Immelmans, lazy  efghts, Cuban eights, 
wing-overs, arld stalls. i 

The test airplane no-1~. is equipped-with -.Ki&-ti$"tanki; howeveGJ 
. - " 

a l l  the maneuvers reported were performed a t h  the  uing-tip tanks empty. 

Enough film was carried  during each f l i gh t   . t o  aUow &l minutes of  
flight time t o  be recorded. This was usually suff ic ient  time to  record 
the complete flight. In this program 17.5 hours of flight time were 
recorded of which 2.5 hours are presented in this paper as m u v e r s  in  - 

time-history form. . .  .. . .. . . "" 

Twelve .p i lots  flew the test  airplane  during the cour.se of this program. 
No p i l o t  accounted for more than 10 percent .of the t o t a l  flight time. 
an e f for t   to   ob ta in  records which would c6zitain"represintative  samples of 
normal piloting  technique in the performance-of the maneuvers, t he   p i lo t s  
were assured that  the  instrumentation would not restrict them -8s to  type 
o.f maneuver, manner of c o n t r o l   ~ p u i a t i o n , ' o r - s e v e r i t y  of maneuvering. 
It is also of ~ t e r e s t  to   note  that during these tests all of the p i l o t s  
wore ant igrav i ty   su i t s  . 

. -  

. . . .  
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METHODS AND €?ESULTS 

The re su l t s  of this flight program are presented in figures 2 t o  . A l l  the maneuvers performed during  the 18 flights plus  3 landings 
presented in figures 2 t o  277 as the h i s to r i e s  of the measured 

quantit ies.  The three l d i n g s  include a short portion of the landing 
approach p r i o r   t o  and including main-gear touch-down and were made by 
three d i f fe ren t   p i lo t s .  The time his to r i e s  are arranged in this paper 
according to  maneuver c lass i f ica t ion  86 given in table II. Included in 
the legends of these f i g u e s  i s  the c l a s s i f i ca t ion  of the type of  maneu- 
ver, estimated airplane w e i g h t ,  and esthat&d flight center-of-gravity 
location. The c lass i f ica t ion  of the maneuvers was,  of necessity, done 
in a general sense as it was sometimes d i f f i c u l t   t o  determine from the 
flight records  exactly the type of maneuver peFformed. However, it was 
compaxatively slmple t o  determine when the  aLqlane wasrmaneuvering, 
since i n  normal steady flight the record traces were fairly straight 
lines on or  near  the trim o r  zero  posit ion  for the par t icu lar   t race  and 
during a maneuver the traces would,' of course, va,q from their trim o r  
zero  position. Some of the standard maneuvers are interpreted Fn refer- 
ences 2 and 3. The in-flight airplane weight and center-of-gravity  loca- 
t i o n  were estimated on the basis of the t o t a l   w u n t  of fuel   used and 
the time Of s t b e  f l igh t  h c l u d i w  --UP and  taxying. 

In these time hls torfes   the  a i rspeed is indicated airspeed, defined 
as the  readtag of a dlf ferential-pressure airspeed .indfcator,  calibrated 
i n  accordance with the accepted  standard  adiabatic formula t o  indicate 
true  airspeed f o r  -standard sea-level  conditions only  (uncorrected f o r  
instrument and ins t a l l a t ion   e r ro r s ) ,  and the a l t i t ude  i s  the NACA.standard 
pressure a l t i tude .  The control-position curves shown were measured with 
respect t o  their neutral   posit ion.  only the right aileron posi t ion was 
measured. It Uill be noted in f igures  275 t o  2'17 that the rudder trace. 
has been dotted t o  avoid  confusion with other   t races .  The posit ion of 
the speed brakes- i s  indicated on the tirne h i s to r i e s  by the dash line 
and the words "brakes out.  " 

In these figures load factors  associated w i t h  forces act- up, for -  
ward, and t o  t& l e f t  are  psiti&. ~ o s e  up, nose right, and right wing 
down are pos i t ive   for  the pitching, yawing, and ro l l i ng  angular veloc i t ies  
whfch are  given in radians per second. no angular-velocity  or  angular- 
acceleration  corrections to the recorded  load  factors, due t o  the dis- 
placement  of the accelerometer from the center of gravity, have been made 
in  these  t ime"histories.  . .  

I 

i 
The s ides l ip  angle indicates  the lateral. angle between the airplane 

longitudinal axis afld the re la t ive  wind. 
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A comparison between the maximum no& load factors  obtained €n 
t&se t e s t s  and the aperational V-n diagram is presented in figure 278. 
The V-n envelopes shown i n  this figure 8 s  solid and dashed l i nes  axe the 
operational  l imitations f o r  the test airplane at a gross weight of 
16,400 pounds as specified by the Bureau of Aeronautics. The maxFmum 
normal load f a c t o r s   i n  fibre 278 were taken  directly f r o m  the time his-  
t o r i e s  and are  plotted  without eny angular-velocity o r  angular-acceleration 
corrections because  such corrections were found t o  be small. Since the 
average flight wei&t of the airplane during this p-ogram was approxi- 
mately 16~100 pounds, -the  values have been plotted  without  being  corrected 
for. wefght. m y  selecteit  values of . m a x i m u m  normal load fac tor  have been 
plotted-  to demonstrat'e t o  what extent the operational limit envelopes 
for   a l t i tude,   a i rspeed,  and normal load  factor were obtained. 

The maximum transverse  load  factors and corresponding  indicated 
airspeeds are pesented  in  figure 279. Because- of the .large number of ... - 
transverse  load  factors  available from the 53% histories,   only  the 
values above the e b i t r a r y  lower limit of 0.05 are shown. All the points 
given in this figure have been corrected "for r o L l S n g .  .=&jawing angular 
velocity and angular acceleration. 

~. m"angul . . , 
The maximum pitching-, ralling-, ar-acceleration 

variations with indicated airspeed are shown in ffgures 280, 281, and 
282, respectively. The values of acceleration were obtained from the 
maximum slope of the  appropriate  angular-velocity curve ig t h e  time .his- 
to r ies .  As in   the  case of transverse load factor; only the  values above 
some arbi t rary limit are presented. .-  These lM-ts were 0.1 ra3ian per 
second per second f o r - p i t c h  and yaw and 0.5 radian per second per seconiT 
fo r  r o l l .  

DISCUSSION 

The re su l t s  of this Fnvestigation, as shown in figure 278, indicate 
that the present srunpling of maneuvers includes, f o r  the positive-load- 
factor  region, the operational  capabili t ies of the F a - 2  airplane. 
Although this inyestigation was l imi t ed   t o  a f e w  houks of actual  flytrig 
time, the data obtained  represent a cross"6ection of the maneuvers per- 
formed during operational  training and include moat of the t a c t i c a l  maneu- 
vers used by the test airplane. 

Examination of the time h i s to r i e s  indicates that usua;lly the higher 
posit ive normal load  factor-e- were associated with pull-up or pitching 
types of maneuvers. In  this program the highest posit ive value of 
normal load  factor, 6.2, was obtained auring an abrupt l e f t  turn. 
(See f i g .  53. ). The other high values between 5 and 5.5 occurred i n  

.. . 

d " 

a 

. 
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3 
pull-outs and pull-ups  during  dives,  loops, Immelm&ns, and Cuban eights. 
(See f i g s .  140, 131, 230,  245,  253, 258, and 272. ) The largest  negative . 
normal load factors ,  -0.3, we*"&ssbciated with ro l l i ng  maneuvers, u s u d l y  
a slow ro l l .   (%e  f igs .  151 and 166. ) < 

'n 

It is  evident from the maxinrum values of normal load  factor  obtained 
that the msxhum operational  value of normal load  factor,  6.4, was not 
exceeded during  these  tests;  furthermore,  figure 278 indicates that at  
no time during these tests were the operationel lfmits f o r  combinations 
of  load  factor,  airspeed, and a l t i t ude  exceeded., 

The maximum values of transverse load fac tor  shown on the tim 
his tor ies  are -0.26 (fig. 51) and -0.22 (fi.g.  53). However,  when the 
angular-velocity and angular-acceleration  corrections are added to   these  ' 

values, the maximum transverse load  factors become -0.34 and -0.29. Both 
of these maximum values  occurred  during  abrupt left turns. Examination 
of f igure 279 indicates that the  value of maximum transverse load fac tor  
w& usually between t0.l. 

Longitudinal  load factors were usually small. The largest   deflection 
of the  longitudinal-load-factor trace was a deceleration  caused  by  the 
extension of the  speed brakes. This speed-brake e f f ec t  amounted t o  about 
-0.4 at 400 h o t s  and 12,000 feet a l t i tude .  (See f i g .  274.) 

As would be expected, the la rges t  rates and amounts of elevator  
movement occur  during  landings and makuvers  that  necessitated  pull-ups, 
such as ImmelmEtn, loop,  entry i n t o  a st&, and recovery  'from  dives. 
The largest   posi t ive  e levator  movement occurred i n  pull-ups, Lmmelmans, 
pull-outs, stall, loops, and landings.   (see  f igs.  68, 93, 152, 243, 248, 
251, 253, 273, and 277.) The greatest negative  elevator movement occurred 
in push-overs, stalls, and 1and-s. (See f i g s .  106, 273, a d  277.) . 
Greater negative rates of elevator movement were obtained than posi t ive 
rates. (See f ig s .  106 and 273. ) 

- The largest   pitching  accelerations  obtained in these tests occurred 
a t  about 300 b o t s  (fig. 2 m )  and decreased abave and below this- airspeed. 
The greatest  negative  pitching  acceleration, -1.4 radians per second per 
second, occurred  during a recovery from a pull -up.(f ig .  83) and was about 
twice as large as the greatest positive  pit-  accelera*ion which 
occurred  during an abrupt left  turn.  (See fig. 49.) This maximum value 
is  about  half of the value  obtained  for an airplane weight of 16,000 pounds 
from the envelope  of maximum pitching  accelerations  given i n  reference 4. 

The largest  aileron  displacement asd rates of movement occurred 
during  roll ing maneuvers. An estimate of the magnitude of a i leron rates 
and movements can be obtained from the time his tor ies ,  such as figures 52, 
152, 135, 197, 200, 228,  242, 254, and 256. 

, -  
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The maximum rolling accelerations  obtained Fn these terns occurred 
at about 325 lmots  (fig. 281) and decreased above -and below t h i s  air- 
speed. The maximum values  occurred  during an abrupt left turn (fig. 52) 
and amounted t o  4.72 and -5.8 radians  per second per second. 

The maximum rolling  velocity  recorded in  these tes t a  occurred during 
slow rolls ( f igs .  155 and 157) and amounted t o  1.7 radians per second at 
an a l t t tude  of about 10,000 f e e t  and an indicated airspeed of about 
300 knots. This value i s  less than the maximum obtaimible rol l ing veloc- 
i t y  of 2.5 radians per second a t  a n .  a l t i t ude  o f  10,000 feet and an Mi.- 
cated  airspeed of 2 0  lmots as e v e n  In unpublished data f o r  a McDonnell 
F2H-1 airplane. . .  

1 
In general, l i t t l e  rudder movement was used in  any of the maneuvers. 

The greatest amount of rudder movement occurred i n  landings, stalls, 
rol ls ,   spl i t -S,  and Immelman m u v e r s .  (See f ig s .  276, 251, 273, 154, 
202, 203,  217,  226,  242,  253,  255, and 254. ) The tfme h i s to r i e s  show 
that these maximum rudder movements are usually  associated  with high 
yawing velocit ies,   large  sideslip  angles,  and large ai leron movements. 
This result is t o  be expected  since  the rudder a n d .  ai leron movements are 
usually  coordinated. - 

, .  

The maximum yawlng accelerat ions  in   these tests, ES shown i n  f i g -  
ure  282, occurred at about 325 kmts .and  decreased above and below thie 
airspeed. These maximum values  occurred  during  abrupt left  turns (see 
figs. 51 and 53) and .mounted t o  about -0.6 and 0.5 radian per second 
per second. 

Langley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 

Langley Field, VEL. 



2. National  Advisory Committee for Aeronautics: Nomenclature f o r  Aero- 
nautics. NACA Rep.. 474, 1933. 

3.  Cram, Jack R., and Brimm, D a n i e l  J., Jr. : Par t  !I%ree - Restricted 
Commercial F l igh t  Course. Civil P i l o t  Training Manual, C.  A. 
B u l l .  No .- 23, CAA, U. S. Dept . Commerce, Sept . 1940. 

- . "" 

4. Wtheny, Cloyce E.: Maximum Pi t ch ing  Angular Accelerations of Air- 
planes Measured + Flfght .  I .  NACA TN 2103, 1950. 

' f 

Y 



10 

TABU I 

NACA RM L52B29 

PHYSICAL CHARACTERISTICS OF TEST AIRPLAZQE ? 

wing: 
Total area (including  flaps,  afler.ons, . a n d  33.3 sq ft  covered 

by fuselage), s.q f t  . . . . . . . . . . . . . . . . . . . . .  294.1 

Spas (horizontal  without  tiptanlrs), in. . . . . . . . . . .  500.8 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  5.89 
Tayer r a t i o  (Ctip/croot) . . . . . . . . . . . . . . . . . . . .  0.92 
Mean aerodynamic  chord (at wing station U . 0  measured normal 

t o  airplane  center l ine),  in. . . . . . . . . . . . . . . .  88.37 
Sweepback (leading edge}, deg . . . . . . . . . . . . . . . . . .  0 

Root &foil section . . . . . . . . .  .- . . . . . . .  : NACA 651-212 
Tip   a i r fo i l   sec t ion  . . . . . . . . . . . . . . . . . . .  NACA 63-209 
Incidence of root  section chord (measured fram fuselage 

reference line), deg . . . . . . . . . . . . . . . . . . .  -0.5 
Incidence  of t i p   s e c t i o n  chord  (measured from fuselage- 

reference line), deg . . . . . . . . . . . . . . . . . . .  -0.5 
Dihedral (medsured Erom w i n g  reference pl&), deg . . . . . . .  3 
Aileron area (one), sq f t  . . . . . . . . . . .  ; . . . . . .  9.. 42 
Aileron span, in. - . . . . . . . . . . . . . . . . . . . . . .  88.4 
Aileron root-mean-square  chord, in. . . . . . . . . . . . . . .  ; 15.42 
Aileron  static  control limits; deg . . . . . . . . . . . . .  
Distance f Y m  n08e to leading  edge of m&in aerodynamic 

Span (horizontal with t ip   t anks ) ,  in. . . . . . . . . . . . . .  539.9 

Sweepforward (0.25-chord l i n e ) ,  deg . . . . . . . . . . . . .  4.33 

Dive brakes. ( t o t a l  area including  cut-outs), sq f t  . .  : . . .  11.6 

chord, in.  . . . . . . . . . . . . . . . . . . . . . . . .  .I97 

Horizontal tail: 
Total area (including 17.66 sq f t  of elevator),  sq f t  . . . .  69.8 
span, in. 224.7 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ABpect ratu. . -. . . . . . . . . . . . . . . . . . . .  : . . . .  -4.65 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.603 
Mean aemdynamlc  chord (hor izonta l - ta i l   s ta t ion  49.63 measured 
normal to  airplane center  line 1, in. . . . . . . . . . . .  47.4 

" 

. . . . . . . .  . .  - 

Airfoi l   sect ion . . . . . . . . . . . . . . . . . .  RACA 65(10)-0U. 
Incidence (measured from fuselage  re-fermce 1he), deg . . . .  0.42 
Dihedral, deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
T a i l  length  (Leading edge af wing m e a n  aerodynamic chord' t o  

25 percent of mean aerodpminic  chord of horizontal tai l) ,  
in. . . . . . . . . . .  -. . . . . . . . . . . . . . . . . .  225.2-t 

Elevator area (including 0.523 S q  f% of horn area, 0.758 E Q  ft 
of trim-tab area, and 1.426 sq f t  of springitab  area) (one), 

. .  

sq f*. . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.375 
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AL CH ARACTERISTICS OF TEST AIRPLANE - Continued 

Elevator  span  (one) , in. . . . . . . . . . . . . . . . . . .  94.1 

Elevatar static control  limits, deg . . . . . . . . . . . . .  215 
Elevator root-mea&square chord, in. . . . . . . . . . . . .  13.65 - 

Ver t i caL ta i l :  
Total  area (including 1.63 sq f t  of dors-al area) sq f t  . . . .  40.5 
span, in;  . . . . . .  i . . . . . . . . . . . . . . . . . . .  86.0 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  " 1.34 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.453 
Mean aerodynamic  -chord (at- water line 98.59 p a r a l l e l  to air- 

Airfoi l   sect ion . . . . . . . . . . . . . . . . . .  .NACA 65(lo)-OU 
Tail   length  ( leading edge of !dng m e a n  aerodynamic chord t o  

25 percent  of me% medynamic chord . . .  of v e r t i c a l  ta i l ) ,  Fn.. 227.46 
Rudder area, sq ft . . . . . . . . . . . . . . . . . . . . . . .  10.13 
Rudder span, in. . . . . . . . . . . . . . . . . . . . . . .  86.0 
Rudder root-mean-square  chord, Fn. . . . . . . . . . . . . .  17.2 
Rudder static control limits, deg f20 

plane reference l i n e )  , in. . . . . . . . . . . . . . . . . .  67.25 ... 

. .  

- . ., . . . . . . . . . . . . . . .  
Fuselage: . . 

T o t d  length (no t   i x lud ing  nose boom), in. . . . . . . . . .  481.8 

Height (ve r t i ca l  tail above s t a t i c  ground l f n e ) ,  Fn. 173.5 
Frontal area (including 2.535 sq ft of canopy fmntal. area above 

Side  mea  (including 7.43 sq ft of canopy side area. above fuse- - A  

p l a n  area, sq f t  . . . . . . . . . . . . . . . . . . . . . .  116.8 

Maximum width, in .  . . . . . . . . . . . . . . . . . . . . .  46.9 , .  
.. . . . .  

fuselage) , sq f t  . . . . . . .  : . . . . . . . . . . . . .  18 .I85 . 

lage) ,  sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  158.93 ... 

L 

Tip tanks: . . .  

Frontal area, sq f t  . . . . . . . . . . . . . . . . . . . . .  3.30 
Flneness  ratio . . . . . . . . . . . . . . . . . . . . . . . .  7.398 
Capacity, g a l  . . . . . . . . . . . . . . . . . . . . . . . . .  200 . .  

Power plant  (two) . . . . . . . . . . . . . .  Westinghouse J-34-WE-34 

Airplane  weight  (includes 2  cannons, no ammunition, instruments, 
210 lb. pilot  with  parachute, fuel i n  a l l  tanks except  wing-tip 
tanks, and b a l l a s t ) ,  lb . . . . . . . . . . . . . . . . . .  17,944 

Airplane  center-of  -gavity-  position  corresponding  to the airplane ._ 
weight of 17,944 lb and w i t h  .gear down, percent w i n g  mean aero- 
dynamic chord . . . . . . . . . . . . . . . . . . . . . . . .  26.59 

- .  
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TABLE I 

PHYSICAL  CEURACTJ3RISTICS OF TEST AIKPLCWE - Concluded 

Airplane  center-of-gravity  position  corresponding t o  the airplane 
weight of 17,944 lb and with gear up, percent wing meen aero- 
dynamic chord -. -. -. 26.80 . . . . . . .  . . . . . . . .  . . . .  . . .  . .  . .  

Airplane weight (average fl ight  weight),  lb . . . . . . . . . .  16,145 

Airplane  center-of-gravity  location  correspondingto  average air- 
p u e  flight weight ( d e a n  condition),  percent wing mean aero- 
dynamic chord . . . . . . . . . . . . . . .  : . . . . . . . .  26.47 

Estimated  mments of i n e r t i a  (wing-tip tanks on but. empty), slug/ft2: 
Ix . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18,982 
IY . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26,2€!€! 
IZ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  42,679 

-237 



NACA RM ~ 5 2 ~ 2 9  

TABLE I1 
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Figures 
Maneuver c lass i f icat ion:  

R i g h t t u r n s  . . . . . . . . . . . . . . . . . . . . . . .  2 t o  18 
Left tu rns  . . .  .- . . . . .  ..- . . . . . . . . . . . . .  19 to 53 
Series of turns. . . . . . . . . . . . . . . . . . . . .  54 to 67 
p ~ l l - u p s  . . . . . . . . . . . . . . . . . . . . . . . .  68 t o  103 
Push-over . . . . . . . . . . . . . . . . . . . . . . . .  104 t o  106 
Pull-up  push-over  conibination . . . . . . . . . . . . . .  lo7 t o  108. 
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Split-S . . . . . . . . . . . . . . . . . . . . . . . . . .  255 to 256 
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Vertical  reverse . . . . . . . . . . . . . . . . . . . .  269 to 271 
Split-S into loop wlth slow r o l l s  . . . . . . . . . . . . . . . .  272 
Stall. . . . . . . . . . . . . .  :. . . . . . . . . . . . . .  273 
Effect of speed brakes . . . . . . . . . . . . . . . . . . . .  274 
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Figwre 1. - Three-view *awing of F2H-2 test airplane.  
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Figure 2. - .Gentle right clirtibfng turn; airplane weight, 14,900 p o u n d s ;  
center-of-gravity  location, 26.3 percent of the &an aerodynamic 
chord. 
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Figure 5. - Gentle r igh t  climbing turn; airplane.  weight,. 17,680 pounds; 
center-of-gravity location, 26.7 percent. of the' man aerodynamic 
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Figure 10. - Right turn; airplane weight, 15,900 pounds; center-of -gravity 
location, 26.4 percent of the mean aerodynamic  chord. 
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Figure 11,- Right turn; airplane wefght, 16,240 pounds; center-of-gra 
loca t ion ,  26.5 percent of  the mean "aerodynamic-chord. 
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Figure. 12. - -Right climbing turn;. &plane weight, 16,950 pounds; center- 
of-gravity  location, 26.6 percent of the man aerodynamic chord. 
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of-gravity location, 26.6 percent of thci mean aeroaynamic chord. 
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of-gravity location,. 26.3 percent of  themean aeroaynamic chord. 
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Figure 18.- Right turn; airplane weight, 14,820 pow.@; center-of-gravity 
location, 26.2 percent of the mean aerodynamic chord. 
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Figure 20.,- Gentle left climbing turn; airplane weight, 17,200 pounds; 
center-of-gravity location, 26.6 percent of the mean aerodynamic 
chord. 
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Figure 21. -. Gentle I l e g  c l i n i b i x  turn; airplane weight, 16,060 pounds; 
center-of-gravity location, 26.5 percent of the mean aerodypamic 
chord. 
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Figure 22.- Gentle left turn; a i rp lane  weight, 13,420 pounds; center-of- 
gravity location, 26.0 percent of. the m e a n  aerodynamic chord. 
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Figure 23.- Gentle left climbing turn; airp+e weight, 15,620 pounds; - . . 
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center-of-gravity location, 26.4 percent aS t-he man aerodynamic 
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Figure 24.- Gentle left climbing turn; airplane wefght, 16,170 pounds; 
center-of-gravity  location, 26.5 percent of the mean aerodynamic 
chord. 
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Figure 25.- Gentle left diving turn; airplane weight, 16,070 pounds; 
center-of-gravity location, 26.5 percent of the man aerodynamic 
chord. 
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Figure  26. - Left fivirig turn; airplane weight,. i6;83a po&b; center-.of - 
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Figure 27.- Left turn; airplane weight, 18,720 pounds; center-of-gravity 
location, 26.2 percent of the man aerodynamic  chord. 
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Fi@;ure 28. - Left climbing turn; a i r p l a n e  weight, 1 5 , 6 ~  hounds; center- 
of-gravity location, 26.5 percent of the mean aerodynamic chord. 
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Pigure 29. - Left diving  turn; airplane weight, 16,700 pounds; center-of- 
gravity location, 26.6 percent of the mean aerodynamic  chord. 
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Figure 31.- L e f t  turn; airplane weight, 16,930 pounds; center-of-gravity 
location, 26.6 percent of the mean aerodynamic chord. 
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Figure 32.- Left turn; airplane weight, 16,660 pounds; center-of-gravity 
location, 26.6 percent of the mean aerodynamic chord. 
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Figure 34.- Left climbing turn; airplane. weight, 15,230 pounds; center- 
of-gravity location, 26.3 percent of the mean aerodynamic chord. 
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Figure 35.- Left climbfng turn; airplane weight, 17,049 pounds; .center- 
of -Gavi ty  locatLon, 26.6 percent of  -the rean aerodynamic chord. 
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Figure 36.- Left turn; airplane weight, 18,980 pounds; center-of-gravity 
location, 26.0 percent- of the &an aero-Uynamic chord. 
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Figure 37.- Left turn; airplane weight, 15,950 pounds; center-&-gravity 
location, 26,5 percent of the aerodynamic chord. 
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Figure 38. - Left diving turn; airplane weight, -16,670- pounds; center-of - 
gravity location, 26.6 percent of the man aerodynamk  chord. 
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location, 26.0 percent of the &an aeroaymmic chord. 



% c 
5- 

E 

B 
- r ,B  X ' s  
'E 

Time, sec 

V 

. . . .  



NACA RM ~ 5 2 ~ 2 9  
8F 

a 

Time, sec 



- NACA RM L52B29 

F 

20 
Time, sec 

7 

lgure 44. -  eft turn; airplane weight,: 14,080 pounds; center-of -gmv 
location, 26.1 percent of the mean aerodynamic chord. 

t 

c 

Y 



NACA RM L52B29 59 

c 
z 
J 
VI c 

+ 
.c 

W 
U 
03 
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Figure 46.- Left climbing turn; airplane weight, 16,720 pounds; center- 
of-gravity l O C a t i O I l ,  26.6 percent of the man aerodynamic chord. - 
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Figure 48. - Abrupt left diving turn; airplane weight, 14,600 pounds; 
center-of-gravity location, 26.2 percent Of. the mean aerodynamic 
chord . 
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Figure 52.- Abrupt left turn; airplane weight, 13,320 pounds; center-of- 
gravity location, 26.0 percent of the man aerodynamfc chord. 
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Figure 56.- Series of clinibing. turns; airplane weight, 15,000 pounds; 
center-of-gravity location, 26.2 percent of the mean aerodynamic 
chord. 
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Figure 57.- Ser ies  of turns; airpl€j.ne w e i g h t ,  15,830 pounds; center-of- 
gravity  location, 26.4 percent of the mean aerodynamic  chord. 
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Figure 61. - Series  of turns; airplarie weight, 16,100 pounds; center-of- 
gravity location, 26.6 percent of the mean 'aerodynamfc chord. 
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F 'igure 62.- Series of turns; airplane weight, 15,500 pcnm&; center-of- 
gravity location, 26.4 percent of the mean aerodynamic chord. 
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Figure 63. - Series of turns; airplane weight, 17,280 pounds; center-of- 
gravihy location, 26.7 percent o? the m e a n .  aerodynamic chord. 
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gravity location, 26.5 .*cent of. the mean aerodynamic chord. 
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Figure 65. -. Series of -gentle turns; amlane weight, 16,690 pounds; . 
center-of-gravity location, 26.6 percelit of the mean aerodynamic 
chord. 

, .  



c u) 
0 
t 

5- 

## I I  

t 
I 9 c  

7 

Time, s8c 

Figure 66.- Series of turns; airplane weight, 15,570 pounds; center-of- 
gravity l o c a t i m . 2 6 . 4  percent of the mean aerodynamic chord. 
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center-of-gravity location, 26.0 pereeat of the. mean aerodynamic 
chord. 
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gravity location, 26.4 percent of the mean aerodyaamic chord. 
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Figure 70.- Gentle pull-up; airplane  weight, 15,740 pounds; center-of- 
gravity  lacation, 26.4 percent of the mean aerodynamic  chord. 



86 NACA RM L52B29 

Tima, sec 

Figure 71. - Gentle pull-up; airplane weight, i6,410 pduTljlB; center-of- 
gravity location, 26.5 percent of the mean aemaynamic chord. 
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Figure 72.- Gentle pull-up; airplane weight, 16,620 pounds; center-of- - 

gravity  location, 26.6 percent of  the mean aerodynamic chord. 
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Figure 74. - Gentle pull-up; airplane weight, 16,520 pounds; center-of - 
gravity location, 26.6 percent of the mean aerodynamic chord.' .- . 
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Figure 76. - Gentle pull-up; airplane weight, 14,240 pounds; center-of- 
gravity location, 26.2 percent of the-rqean aerodynamic chord. 
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Figure 77. - Gentle pull-up; airplane weight, 15,030 p o u ~ $ ~ ;  center-of- 
gravity-location, 26.3 percent o f . t h e  mead aerodynamic chord. 
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Figure 78.- Gentle pU-up;  airplane weight, 15,170 pounds; center-of- 
gravity location, 26.3 percent of the mean a e r o d y n d c  chord. 
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Figure 79.- Pull-up;. airplane weight, 16,960 pounds; center-of-pavity 
location, 26.6 percent of 6he mean aerodynamic chord. 
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Figure 82. - Pull-up; airplane weight, 17,740 pounds; center-of-gravity 
location, 26.8 percent of the mean  aerodynamic chord. 
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Figure 84. - Pull-up; airplane weight, 15,440 pqund~; center-of-gravity 
location, 26.4 percent of the mean aerodynamic chord. 
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Figure 85. - Pull-up; airplane wight, 17,250 pounds; center-of-gravity 
location, 26.7 percent of the r e a n  aerodynamic chord. 
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Figure 89.1 Abrupt pull-up; ai-qlane weight, 16,430 pounds; center-of- 
gravity location, 26.6 percent of the mean aerodynamic chord. 
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Figure 90.- Abrupt pull-up; airplane w e i g h t ,  17,850 pounds; center-of- 
gravity location, 26.8 percent of the mean aerodynamic chord. 
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F i v e  91.- Abrupt Pull-up; airplane weight, 17,800 pounds; center-of- 
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Figure 92.- A b w t  pull-ug; airplane weight, 17,090 pounds; center-of- 
gravity location, 26.6 percent of the =an aerodynamic chord. 
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gravity location, 26.4 percent of the mean aerodynamic chord. 
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Figure 97. - Gentle rolling pull-up; airplane weight, 15,470 pounds; 
center-of-gravity location, 26.4 percent of the m e a n  aerodynamic 
chord. 
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Figure 98.- Gentle rolling pull-up; airplane weight, 14,840 pounds; 
center-of-gravity  location, 26.2 percent of the m e a n  aerodynamic 
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gravity  location, 26.4 percent of the mean aerodynamic  chord. 
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F.igure 101. - Abrupt rol l ing pull-up; amlane .weight, 14,305 pounds; 
center-of-gravity  location, 26.2 percent of the mean aeroaynamic 
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Figure 102. - Rolling pull-out; airplane wefght, 17,000 pounds; center-of - 
gravity location, 26.6 'percent of the mean aerodynamic chord. 
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Figure 103.- Pull-up with left slow roll recovery; airplane weight,, 
16,460 pounds; -kenter-of-gravity location, 26.5 percent of the 
mean aerodynamic chord. 
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Figure 105.- Push-over; airplane weight, 1 6 , h  pounds; center-of- 
gravity location, 26.5 percent of 'the rean aerodynamic  chord. 
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Figure 106.- Push-over; airplane weight, 16,950 PO%&; center-of- 
gravitjr location, 26.6 percent of the mean aerodynamic chord. 
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15,380 pounds; center-of-gravity  location, 26.3 percent of 
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Figure 110.- D i v e  with normal pull-out; airplane weight, 13,020 pouid~; 
center-of-gravity  location, 26.3 percent  of the m e a n  aerodynamic 
chord. 
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,gure 111. - D i v e  with normal pull-out; airplane weight, 15,170 pounds 
center-of-gravity location, 26.3 percent o f . t h e  man aerodynamic 
chord. 
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F i m e  112. - Dive w i t h  normal pull-out; airplane weight, 16,420 pounds; 
center-of-gravity location, 26.5 percent of t h e - e a n  aerodynamic 
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Figure 113.- Dive with normal pull-out; airplane weight,, 17,780 pounds; 
center-of-gravity  location, 26.8 percent of the man aerodynamic 
chord. 
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F i W e  114.- Mve with normal pull-out; airplane weight, 17,600 pow&; 
center-of  -gravity  location, 26.7 percent of the mean aerodynamfc 
chord. 
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center-of-gravity  location, 26.5 percent of the mart aerodynamic 
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Figure 116.- D i v e  w i t h  normal pull-out; airplane weight, 14,920 pounds; 
center-of-gravity location, 26.3 percent of the mean aerodynamic 
chord. . .  
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airplane weigm, 15,250 pouna~; center-of-kavity location, 
26.3 percent of the mean aerodynamic chord. 
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Figure ll8.- Rive with r o U n g   e n t r y  and normal pull-out;  airplane 
weight, 15,500 pounds; center-of-gravity  location, 26.4 percent 
of the =an aerodynamic chord. 
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Figure 119.- Dive with r o l l i n g  entry and normal pull-out; airplane 
weight, 15,370 pounds; center-of-gravity location, 26.3 percent 
of the mean aerodynamic chord. 
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Figure 120. - Gentle dive w i t h  rolling entry; airplane - w e i g h t ,  
14,750 pounCk; ceiiter-of-pavity  location, 26.2 percent of 
the mean aerodynamic  chord. 
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Figure 120.- Concluded. 
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Figure 121.- Dive with rolling entry and pull-out; airplane weight, 

15,960 pOunds; center-of-gravity  location, 26.4 percent of the 
mean aerodynamic  chord. 



140 

E c 
5- 

NACA FM ~ 5 2 ~ 2 9  

Time, sec 

Figure 122. - D i v e  with rolling entry and normal puli-.out; airplane 
weight, 14,800 pounds; center-of-gravity location, 26.2 percent 
of the mean aerodynamic chord. 
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Figure E2.- Concluded. 
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Figure 123.- Dive with rolling entry and p a r t i a l  pull-out recovery; 
airplane weight, 14,910 pounds; center-of-gravity location, 
26.3 percent of the man aerodynamtc chord. 
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Figure 124.- D i v e  with r o l l i n g  entry and gentle pull-out recoVery; 
airplane weight, 16,750 pounds; center-of-gpavity location, 
26.6- percent of the =an aerodynamic chord. 
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Figure 125.- D i v e  with rolling entry and normal pull-ou$; airplane 
weight, 14,430 pounds; center-of-gravfty  location, 26.2 percent 
of the mean aerodynamic chord. 
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Figure 126.- Dive with rolling entry and normal pull-out; airplane 
weight, 16,890 pound6; center-of-gravity  location, 26.4 percent 
of the  man aerodynamic  chord. 
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Figure 127. - D i v e  with 'rolling entry and normal pull-out; airplane 
weight, 14,530 pounds; center-of -gravity  location, 26.2 percent 
of the mean aerodynamic  chord. 
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Figure 128.- D i v e  with rolling entry and n o m 1  pull-out; airplane 
weight, 17,470 pads; center-of -gravity location, 26.7 percent 
of the man aerodynamic chord.' 
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Figure W.-. D i v e  with r o l l i n g  entry and no& pull-out; airplane 

weight, 14,675 pounds; center-of-gravAty  location, 26.2 percent 
of the mean aerodynamic chord. 
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Figure 130.- D i v e  with roll ing entry a.nd pull-out; airplane weight, 
17,000 .poima; center-of:pavity location, 26.7 percent of the 
m e a n  aerodynamic chord. 
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Figure 130.- Concluded. 
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Figure 131.- D i v e  with ro l l i ng  entry and normal pull-out; airplane 
weight, 16,480 pounds; center-of-gravity location, 26.5 percent 
of the man aerodynamic chord. 
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Figure 132.- D i v e  w i t h  rolling  entry and pull-out; airplane weight, 
14,770  pound.^; center-of-gravity location, 26.2 percent of  the 
mean aerodynamic chord. 
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Figure 133. - Concluded. 
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Figure 134.- Conc.luded. 
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Figure 135.- D i v e  with  roll ing  entry and normal pull-out; airplane 
weight, 13,800 pounds; center-of  -gravity location, 26.5 percent 
of the  mean,aeradynamlc chord. 
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Figure 137.- Divie with roiling entry.and n o d  d l - o u t ;  airplane 
weight, 17,350 pounds; center-&-gravity localiion, 26.3 percent 
of the mean aerutiymmic chord. 
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Figure 138.- Dive-with rolling entry and narmal pull-out; airplane 
weight, 15.~43 pounds; center-of-graTiity location, 26.3 percent 
of the mean-gerodydamic  chord. " 
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Figure 139.- D i v e  with roll-  entry and normal pull-out; airplane 
weight, 15,320 pounds; center-of-gravity location, 26.3 percent 
of the mean aerodynamic chord. 
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Figure 140.- Concluded. 
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Figure 141.- Dive w i t h  rolling recovery and normal pull-out; airplane . .  
weight, 16,500 pouqds; center-of-gravity location, 26.5 percent of 
the mean aerodynamic chord. 
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Figure 141.- Concluded. 
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Figure 142.- Dive with  rcAling-pull-out; airplane weight, 15,730 pounds;. .- - . . 

center-of-gravity  location, 26.5 percent of the mean aerodynamic . . .  
chord. 
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Figure 143. - Dive with gentle rolling -recovery; airplane weight, 
16,500 pounds; center-of-gravity  location, 26.5 percent of the 
rean aerodynamic chord. 
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Figure 143. - Concluded. 
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Figure 144.- Dive wfth roll ing  pull-out;  airplane weight, 17,980 po~nas ;  
center-of-gravity loca-bion, 26.7 percent of 'the mean aercdynamic 
chord. 
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Fi-gure 145. - Gentle. dive w i t h  r o l l i ng  pull-out followed by rolling entry 
i n t o  a dive; airplane weight; 16,6b pounds; center-of-gravity loca- 
tion, 26.6 percent of the man gerodynamfc chord. 



NACA RM ~521329 . .  

. 

c 
0 
v) 

c 

s- 

f 
E 

Time, sec 



NACA RM L52B29 

c 
v) 

0 c 
x- 
5- 

21 X I 0 3  

t9 

17 2 c 
X 

15 

.4 

0 

-.4 

78 

.2 
0 

T i e ,  sac 

Figure 14.6. - Dive with turns and rolling pull.-out; airplane E.ight, 
16,570 pounds; center-of-gravity  location, 26.3 percent of the 
mean aerodynamic chord. 
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Figure 147.- Dive with ro l l i ng  entry and gentle rolling recovery; 
airplae weight, 14,006 pounds; center-of -gravity location, 
26.1 percent of the man aerodynamic chord. 
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Figure 148.- Dive a f t h  push-over entry and noriial pull-out; airplane 
weight, 15,120 pouna; center-of-gravity location, 26.3 percent 
of the mean aerodynarnfc chord. 
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Figure 149.- D i v e  with right slow r o l l  and gentle rolling pull-out; 
airplane weight, 16,510 pounds; cen€er-of-gravity location, 
26.5 percent of- the mean aerodynamic  chord, 
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Figure 150. - Dive with ro l l ing  e h r y  followed by a l e f t  slow ro l l ;  
airplane weight, 15,960 pounds; center-of-gravity location, 
26.4 percent of the mean aerodynadc chord. 
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F i g ~ ~ r e  151.- Dive with ro l l i ng  pa l -out  Pollowed by dive with left 
slow roll; airplane weight, 15,290 poxuihs;. center-of-gravity . 

location, 26.3 percent of the mean aerodynamic chord. - 



NACA RM L52B29 

fn 
0 
t 
+ 

Y, 
>- 

181 

Figure 151.- Concluded. 



182 

c 
0 
u) 

c =. 
>- 

c 
.c 
W 

W 
OJ 
-0 .. 
0)  

c m 
0 

- 

NACA rn ~521329 

F 'i . w e  152.- Dive with Immelmen recovery; airplane weight, i7,180 pounds; 
center-of-gravity  location, 26.6 percent of the mean aerodynamic chord 
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Figure 153.- Dive with rolling  recovery followed by sp l i t -S  in to  a 
dive; airplane weight, 16,550 poupds-; center-of-gravity  location, 
26.5 percent of the  mean aerodynamic chord. 
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Figure 153. - Concluded. 
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Figure 154.- Right slow roll; airplane weight, 17,860 pounds; center- 
of-gravity location, 26.8 percent of the mean aerodynamic chord. 
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Figure 155. -- BfgEk-slow r o l l ;  airplane weight, 16,720 pounds; center- 
of-gravity location, 26.7 percent of the man aerodynamic  chord, 
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Figure 156.- Right slow roll; airplane wefght, 17,830 
of-gravity location, 26.8 percent of the miem serody 
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Figure 157. - rig lit^ slow roll; airplane weight, 16,950 pounds; center- 
of-gravity location, 26.6 percent o f t h e  &an aerodynamic  chord. 
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Figure 158.- Right slow r o l l ;  eirplane weight, 16,790 pounde; center- 
of.-gravity location, 26.6 percent of the mean: aerodynamic  chord. 
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Figure 159. - Right S l O W  r o l l ;  airplane Weight, 16,700  pound^; center- 
of-gravity location, 26.6 percent of the mean aerodynamic chord. 
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Figure 160.- R i g h t .  sjpy.ro&l; -.airplaqe weight ,. 16,950 pounds; center- 
, of-grauity location, 26.6 percent of the ~ 8 1 3 .  aerodynamic chord. 
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Figure 161. - Right slow roll; airplane w e i g h t ,  16,260 pounds; center- 
of-gravity location, 26.5 percent of the mean aerodynamic chord. 
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Figure 162. - Right. slow ,roll; airplane weight, 14,810 pound; center- 
of-gravity location, 26.2 percent of tbe mean aerodynamic chord. 
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Figure 164.- Right slow 1-011; airplane weight, 16,955 pounds; center- 
of-gravity location, 26.6 percent of' the mean aerodynamic  chord. 
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Figure 165.- Right.slow ro l l ;  airplane weight, 14,870 pounds; center- 
of-gravity location, 26.2 percent of- the mean aerodynamic chord. 
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Figure 166.- Right slow roll followed by pull-up; airplane weight, 
16,240 puna; center-of-gravity Idcation, 26.5 percent of the 
man aerodynamLc" chard. , -  . .  
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Figure 167.- Right s l o w  roll; airplane weight, 14,500 pounds; center- 
of-gravity location, 26.2 percent of the -=an aerodynamic chord. 
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Figure la.- Left313w"rCLl; drp lane  weight, 17,Om poundjs; center- 
of-gravity location, 26.6 percent of the mean aerodynamic chord. 
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Figure 169.- kft slow r o l l ;  airplane weight, 17,080 pp,mls; center- 
of-gravity location, 26.6 percent of the aerodynamic chord. 
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Figure 170.- Left slow .roll;, a i r p l a n e  weight, 17,200 pounds; center- 
of-gravity location, 26.6 percent of the wan aerodynamfc chord. 
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Figure 172.- Left slow ro l l ;  a i r p l a n e  weight, 16,980 poupds; center- 
of-gravity l oca t im ,  26.6 percent of the mean aerodynamic chord. 
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'igure 173.- Left slow mu;  airplane weight, 16,560 pbunds; center- ' 

of-gravity location, 26.5 percent of the man aerodynamic chord. 
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of-gravity lacatiwn; 26.1 percent. of .the wan -aerodynamic chord. 
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Figure 175. - Left slow r o l l ;  airplane weight, 16,825 pounds; center- 
.of-gravity  location, 26.6-percent of the mean aerodynamic chord. 
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Figure 176. - Left slow ro l l ;  -aTrplaiie .Weigh;t,. 16,.670 pounds; .center- 
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of-gravity location, 26.6 percent af .the. .man .aerodynamfc chord. 
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Figure 177.- &eft slow roll; airplane weight, 17,550 pounds; center- 
of-gravity  location, 26.7 percent of the  man aerodynamic chord.. 
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Figure 179.- Left slow r o l l ;  airplane weight, 16,820 pounds; center- 
of-gravity location; 26.7 percent of the man aerodynamic  chord. 
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Figure 180.- Left slow roll; airplane Veight, 13,880 pounds; center- 
of-gravity location, 26.1 percent of the mean aerodynamLc  chord. 
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Figure 181. - Left. slow roll;. airplane weight , 17,670 pounds; center- 
of-gravity location, 26.7 percent of the meah aerndyqamfc chord. . 
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Figure 182.- Left slaw roll; airplane weight, 16,330 pounds; center- 
of-gravity location; 26.5 percent of thgmli3e& aefbdynamic chord. 
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Figure 183. - Left slow'roll; airplane weight, 16,340 pounds; center- 
of-gravity location, 26.3 percent of the E& aerodynamic chord. 
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Figure 184. - Left slow , ro l l ;  airplane weight, 16,730 poimds; center- 
of-gravity location, 26.6 percent of the mean aerodynamic chord. 
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Figure 187.- Left slow roll; airplane weight, 16,800 pounds; center- 
Of-gravity  location, 26.6 percent of the me811 aerodynamic  chord. 
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Figure L88.- Left slow roll; airplane weight, 16,955 powds; center- 
of-gravity  location, 26.6 percent of the man serodymmic chord. 
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Figure 189. - Left s low r o l l ;  airplane'weight, 17,050 pounds; center- 
of-gravity location, 26.6 percent of the mean aerodynamfc chord. 
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Figure 190.- Left s low roll; airplane weight, 17,020 p0Und.s; center- 
of-gravity  location, 26.6 percent of the =an aerodynamic chord. 
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Figure 191.- Le f t  s l o w ' r o l l ;  airplane weight, 17,580 pounds; ce&er- 
of-gravity location, 26.7 percent of the rean aerodynamic chord. 
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Figure.lg2.- Left slow roll; a i r p l a n e  weight, 15,930 pounds; center- 
of-gravity location, 26.4 percent of the mean aeradynsmic chord. 
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igure 194. - Left slow ro l l ;  airplane weight, 16,400. pounds; center- 
of-gravity location, 26.5 percent of the mean aerodynamic chord. 
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F I m  195. - Left Slow r o l l ;  airplane weight, 14,740 pounds; center- 
of-gravity location, 26.2 percent of the man aerodynamic chard. 
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F i v e  196.- Left slow r o l l ;  airplane weight, 16,880 pound6; center- 
of-gravity location, 26.6 percent of the man a e r o m i c  chord. 
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Figure 197. - kft slow roll; airplane weight, 16,630 pounds; center- 
of-gravfty  location, 26.6 percent of the  =an aerodynamic chord. . 
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Figure 198. - Left slow roll; airplane weight, 16,020 poUnds; .center- 
of-gravity location, 26.4 percent of the.== aerodynamic chord. 
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Ffgure 199.- Uft slow roll; airplane weight, 17,280 pounds; center- 
of-gravity location, 26.7 percent of the man aerodynamic chord. 
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Figure 200.- Left slow roll; airplane weight, 14,750 pounds; center- 
of-gravity location, 26.2 percent of the mean aerodynamic chord. 
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Figure 201.- Left slow roll; airplane weight, 14,990 pounds; center- 
of-gravity locat.ion, 26.3 percent of the mean aerodynamic  chord. 
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.gure 202. - Right b a r r e l  . rol l ;  airplane Weight, 18,370 pounds; center- 
of-gravity locatlon, e6.4 percept of the man aerodynamic chord. 
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Figure 204. - Right barrel r o l l ;  airplane weight, 15,360 pounds; center- 
Of-gravity locatfon, 26.4 percent of 'the mean aerodynamic chord. 
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Figure 205. - Right barref roll; airplane weight, 15,520 pounds; center- 
of-gravity location, 26.4 percent of the rean aerodynamic chord. 
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Figure 206. - Right barrel  r o l l ;  airplane weight,. 16,RJm pou~ds; center- 
o f - p a e t y  location, 26.6 percent of the mean aerodynamic chord. 
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Figure 208.- Right barrel roll followed by dive with rolli'ng pull-out; . -  .. 

airplane weight, 15,210 pounds; center-of-gravity  location, 26.3 per- 
cent of the mean aerodynamic-chord. 
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Figure 209.- Left barrel jiollj- airplane weight, 16i870 ,pounds; center- 
of-gravity location, 26.6 percent of the  mgkn aei-odynamic chord. 
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Figure 2I-O.- Left barrel  roll; airplane weight, 16,170 p&aS; center- 
of -gravi ty  location, 26.5 percent  of the mean aerodynam5.c chord. 
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Figure 211.- LRft barrel r o l l ;  -airplane w e i g h t ,  l 5 , ' i 7 O  pounds; center- 
of-gravity location, 26.4 percent of the mean aeroaynamic chard. 
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Figure 212.- Left b a r k 1  roll; a i r p l a n e  -weight, 16,240 p o u n d s ;  center- 
of  gravity location, 26.5 percent of t h e  mean aerodynemic chord: 
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Figure U4. -  Left barrel roll; eirplane weight, 16,780 p o k d e ;  center-. 
of-Wavity location, 26.6 permnt a f  the mean aeroaynamic chord. 
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Figure 215. - Left bar re l  rall; airplane wei&&, 16,590 pounds; center- 
of-gravity location, 26.6 percent of the mean aerodynamic chord. 
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Figure 216.- kft barrel, r o l l ;  airplane w e i g h t ,  16,840 pounde; center- 
of-gravity location, 26.6 percent of the man aerodynamic chord. 
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Figure 2l7. - Left barkel roll: airplane -wight, 17,810 pounds; center- ' 
of-gravity  location, 26.8 percent of -the &an aerodynamic chord. 
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Figure 2lg. -  Left. barrel rol l ; .   a i rplane w e i g h t ,  15,410 pounds; center- 
of-gravity  location, 26.3 percent  of  the mean aerodynamic  chord. . 
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Figure 220.- Left barrel  roll; a i rp l ane  F i g h t ,  16,1770 pounds; ceater- 
of-gravity location, 26.6 p e r c e n m  the mean aerodynamic chord. 
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Figure 221.- Left   barrel  r o l l  into a dive  with normal recovery;  airplane 
weight, 16,220 pounds; center-of-gravity  location, 26.5 percent of 
the mean aerodynamic  chord. 
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Figure 222.- Left bar re l  roll; airplane weight, 16,360 pounds; center- 
of-gravity location, 26.5 percent of the mean aerodynamic chord. 
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Figure' 223.- Left bar re l  r o l l ;  airplane weight, 16,330 pounds; center- 
of-gravity  location, 26.5 percent of the. mean aerodynamic chord. 
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Figure 224.- Double.  right slow roll; airplane weight, 14,950 pounds; 
center-of-gravity  location, 26.3 percent of the mean aerodynamic 
chord. 
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Figure 226. - Double left, S l o w  roll; airplane weight, 17,610 pounds; 
center.-af-gravity location, 26.7 percent of  the mean aerodynamic 
chord. 
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Figure 227.- Double left slow roll; airplane weight, 16,150 pounds; 
center-of-gravity location, 26.5 percent of the man aerodynamic 
chord. . 
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Figure 228.- Double ' left  slow roll; airplane weight, 17,020 pounda; 
center-of-gravity location, 26.6 percent of the mean aerodynamic 
chord. 
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Figure 229. - Double left s l o w  roll; airplane w e i g h t ,  15,130 pounds; 
center-of-gravity location, 26.3 percent of the mean aerodynamic 
chord. 
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Figure 229.- Concluded. 
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Figure 230. - Double left s low roll; airplane weight, 15,050 pounds; 
center-of-gravity  location, .26.3 percent of the mean aerodynamic 
chord. 
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Figure 231.- Double l e f t  barrel roll; airplane weight, 16,230 pounds; 
center-of-gravity location, 26.5 percent o f  the rcem aerodynamic 
chord. 
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Figure 232. - Two. left slow. rolls; airplane  weight, 16,100 pounds;. 
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Figure 234.- Two left s l o w  rolls followed by dive with gentle ro l l i ng  
pd l - au t ;  airplane weight, 16,900 feet; center-of-gravity location, 
26.6 percent of the mean mradynamic chord. 
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Figure 236. - TWO.. LePF barrel rolls;. airplane weigl?t', 16,630 pounds; 
center-of-gravity location, 26.6 percent of-the mean aerodynamic 
chord. 
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weight, 14,530 p d d s ;  center-of -grav i ty  .location, 2'6..2 percent of 
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Figure 238. - T r i p l e  right slow roll; airpiark weight, 17,120 pounde; 
center-of-gravity location, 26.6 percent of-the-mean aerodynamic 
chord. - 
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Figure 239. - Triple left -s low r o l l ;  al&lane weight, 17,095 pounds; 
center-of-grav$ty location, 26.6 percent of the mean aerodynamic 
chord. 
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center-of-gravity  location, 26.7 percent of the mean aerodynamic 
chord. 
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Figure 245.- Loop; a i r p l a n e  weight, 1'7,030 PO-; center-of-gravity 
location, 26.6 percent af the mean aerodynamic chord. 
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Figure 247. - Loop; a- i rplane weight, 16,300 p0Ui;ds; .cent&r-of -gravi.ty 
location, 26.5 percent of the mean aerodynamic chord. 
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Figure 248. - LOOP; afrplAne- weight,. 17,060 .pounds; center-of  -gravity 
location, 26.6 percent of  the  man aerodynamic chord. 
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Figure 249.- Loop; airplane weight, 15,OgO pounds; center-of-gravity 
location, 26.4 percent of the man aerodynamic chord. 
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Figure 251.- Loop with stall a t  top; airplane weight, 16,670 pounds; 
center-of-gravity location, 26.6 percent of  the mean aerodynamic 
chord. 
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F i g u r e  252. - Immlman; ai&ane weight;  15,030 pounds; center-of-gravity 
location, 26.4 percent af the mean aerodynamic chord. 
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Figure 254.- Concluded. 
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Figure 253. - Split-S;. .airplane w e f g h t ,  17,720 pounds; center-of-gravity 
location, 26.7 percent of the mean aerodynamic chord. 
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Figure 256.- Split-9; awplane w e i g h t ,  17,150 pounds; center-of-gravity 
location, 26.6 percent of'the mean aerodynamic chord, 
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Figure 257.- Cuban eight; airplane weight, 16,090 pounds.; center-of- 
gravity location, 26.5 percent of the mean aerodynamic chord. 
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Figure 258,- Cuban eight; a i rplane weight, 14,270 pounds; center-of- 
gravity loca t ion ,  26.1 percent of the mean aemdynemic chord. 
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16,750 pounds; ce.pter-of-gravity location, 26.6 percent of the mean 
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Figure 260. - Lazy eight fauowed by k. left '  b a r r e l .  roll; airplane weight, 
14,900 pounds; center-of-gravity location, 26.2 percent of the mean 
aerodynamic  chord. 
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Figure 260. - continued. 
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Figure 261. - Wing-over; airplane- weight, 14,730 pourids; center-of-gravity 
location, 26.2 percent of the man aerodynamic chord. 



t 
m 
0 c 
2, 

5- 

+ * 
al 
U 
03 

NACA RM ~ 5 2 ~ 2 9  

Time, sec 

. 

Figure 261.- Concluded. 



. 

. 

Figure 262. - Wing-over; airplane weight, 14,420 poimds; center-of-gravity 
location, 26.2 x r c e n t  of the mean aerodynamic chord. . 
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Figure 263.- Gentle wing-over precedfng cl-igb; airplane w e i g h t ,  
17,000 pounds; center-of-gravity location, 26.6 percent of 
the mean aeradynmic chord: . " .  . . .  ... . 
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Figure 264.- Chandelle; amlane  weight, 16,050 pounds; center-of-gravity 
location, 26.4 percent of  the mean aerodynamic  chord. 
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igure 265.- Chandelle;. a i rp lane  weight-, l~,OlO pounds; center-of-gravity 
location, 26.3 percent of the m e a n  aerodynamic chord. 
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. m e  266.- Chandelle;- airplaae weight, 16,240 pow&; center-of-gravity 
location, 26.6 pixcent  of the mean aerodynamic chord, 

" 

. .. 



F 

320 

5- 
P 
.c 
c 

. . " 

II 

.. 
" 

. . . " 

267.- Chandelle; airplane weight, 15,530 pounds; center-of-gravity 
location, 26.4 percent of. the m e a n  aerodynamic chord. 
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b location, 26.4 percent of the mean aerodynamic  chord. 
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igure 269.- Vertical reverse; airplane weight, 16,560 pounds; center- 
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Figure 270.- Vertical reverse;  airplane weight, 16,280 -p6unaS; center- 
of-gravity location, 26.5 percent of the mean aerodynamic chord. 
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igure 271.- Vert ical  reverse; airplane weight, 16,620 pounds; center 
of-gravity location, 26-6 percent of the m a p  aerodynamic chord. 
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Figure 272.- Split-S  into a loop with a ve r t i ca l   r i gh t  S ~ O W  ro l l ,  
followed by a - l e f t  S ~ O W  roll; airplane  weight, 14,880 pounds; 
center-of-gravity  location, 26.2 percent o f  the mean aerodynamic 
chord. 
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'igure 273.- Stall; airplane weight, 15,850 pounds;  center-of-gravity 
loca-tion, 26.4 percent of. the mean. aerodynamic chord. 
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Figure 275. - Landing; a.irpl&e,.i&i&t, l3i206 PO&&; center-of -gravity 
location, 25.8 percent of  the man aerodynamic chord. 
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Figure 275. - Concluded. 
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Figure 276. - Landing; amlane  weight, 14,200 pounds; center-of-gravity 
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Figure 277.- Landing; airplane weight, 13,200 pounds; center-of-gravity 
location,-25.8 percent of the mean aerodynamic chord. 
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Figure  277.- Continued. . 
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